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Abstract. Babesiosis is a serious parasitic disease affecting different species of mammals 
including humans, as an opportunistic host, produced by a single-celled parasite that is transmitted by 
ticks that represent definitive hosts and reservoir in nature. As a zoonotic disease, babesiosis is of great 
importance both for the human and animal pathology. The study aim is to assess the hematological 
changes induced by Babesia spp. infestation and their correlation with the evolutionary stage of the 
parasite. This paper sought to determine hematological parameters and leukocyte formula in a number 
of 18 cases, 15 dogs and three horses. The obtained data were entered into contingency tables, the 
results being statistically interpreted using the SPSS 18 statistics software and Fisher's exact test which 
illustrates the association between two different categories of investigated parameters. Due Babesia 
spp. affinity for erythrocytes, anemia is the most commonly diagnosed disorder in babesiosis. Direct 
action of parasites on erythrocytes by producing toxins or indirectly by stimulating an autoimmune 
response leads to destruction of red blood cells in large numbers according to the degree of 
parasitemia. The average value of erythrocytes, hemoglobin and hematocrit are inversely proportional 
to the expressed parasitemia by the studied individuals. Different types of anemia were detected 
among the infected subjects. Normochromic, normocytic (9 cases), microcytic (2 cases) or macrocytic 
(3 cases), hypochromic (2 subjects) or hyperchromic anemia (4 cases) were the anemia types 
developed by the studied animals. Decrease of blood platelets or thrombocytopenia is another 
hematological change associated with babesiosis. Thrombocytopenia may reflect changes in the 
production, consumption, sequestration or responsiveness of platelets. The study allowed to discover 
another very significant statistical correlation between the presence of leukocytosis and monocytosis, 
this association having a p<0,001. The conducted study allowed to assess very significant statistical 
associations between the presence of thrombocytopenia accompanied by lymphopenia, respectively 
leukocytosis and an increase in the number of monocytes.  
 




Babesiosis is a serious parasitic disease affecting different species of mammals 
including humans, as an opportunistic host, produced by a single-celled parasite that is 
transmitted by ticks that represent definitive hosts and reservoir in nature. As a zoonotic 
disease, babesiosis is of great importance both for the human and animal pathology [3]. The 
development of different stages of evolution is primarily conditioned by the dynamic of the 
definitive hosts. Thus, although the existence of these species requires the presence of some 
favorable climate conditions, being considered as aseasonal disease, lately has been found that 
the evolution of this parasitosis may occur in variable climatic conditions, even during the 
cold season. In babesiosis, the parasite of the Babesia and Nuttallia genus,Babesiidae family, 
sets in the parasitized organism erythrocytesin variable number (1-4 parasites), putting on 
different shapes and forms, depending on the species. The parasite has several species, 
depending on the affected mammal: eg Babesia caballi, Nuttallia equi - parasitic species for 
horses, Babesia canis Babesia vogeli, Babesia gibsoni - parasites of dogs, or in humans - 
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Babesia gibsoni, Babesia bovis, Babesia hodaini. Parasite`s life cycle has two stages, 
depending on the parasitized host at a time: in ticks, which are the definitive hosts, occur the 
sexual phases, whilein the mammals organism,that are considered intermediate hosts, occur 
the asexual stages [2, 3]. Animal contamination is achieved by transcutaneous inoculation 
during the feeding of infected ticks that inserts the parasites together with saliva. The 
inoculated parasites initially penetrate red blood cells, they multiply, secret metabolic toxins 
that causes the lysis of red blood cells, so anemia occurs. Due to these phenomena the entire 
functioning of the body is disturbed developing liver and kidney disorders, nervous, 
respiratory and cardiac disease [3]. In severe cases, perivascular edema and serious injuries in 
encephalon can be observed, accompanied by nervous manifestations, liver and kidney 
dysfunction - jaundice, albuminuria, or necrosis and degeneration of the affectedorgans [2. 4]. 
 
MATERIAL AND METHODS 
 
The study was conducted at the Faculty of Veterinary Medicine Iasi, over a one year 
period, the research being performed on a total of 18 cases, 15 dogs and three horses of 
different ages, all these subjects being affected by babesiosis. For each of these cases blood 
sample collection has been taken using an anticoagulant - EDTA. The observation of Babesia 
spp. infestation degree has been made by reading the May Grumwald Giemsa colored blood 
smears and determining of leucocytes formula, the hematological examination allowing to 
appreciate blood parameters changes, disturbances accompanying Babesia spp. infestation.  
It must be considered that Babesia spp. may not always be identified in the blood 
smear. It is considered that they are visible on the first day after inoculation, and then they 
disappear until day 10. From day 11 to day 21 after inoculation Babesia spp. can be observed 
in erythrocytes, their presence being directly proportional to the degree of parasitemia [4]. 
The investigated hematological parameters have been represented by the number of 
erythrocytes, hemoglobin, hematocrit, derived erythrocyte constants (MCV, MCH and MCHC), 
reticulocyte count, ESR, platelets and leukocytes. Both the determination of blood parameters 
and white blood cell counts have been made by conventional methods. Determination of the red 
series main parameters (number of erythrocytes, hemoglobin, hematocrit) can provide relevant 
data on the existence of anemia, which is common in babesiosis due to destruction of large 
numbers of red blood cells. However, the persistence of anemia in animals in convalescence 
may be maintained by the presence of erythrocyte self antibodies and immune complexes, 
erythrocytes lysis being induced by complement. Assessment of hematologic changes allows to 
ascertain between different types of anemia, focusing on the infestation development and 
allowing to appreciate the parasitemia degree. Thus, the determination of leukocyte formula 
ascertains the evolutionary parasitic forms located in the intermediate hosts blood, these data 
corroborated with other hematological parameters helping to establish a correct diagnosis that 
allows precise identification of the starting point of infestation. The obtained data has been 
tabulated in contingency tables, statistical appreciation being achieved by using the SPSS 
Statistics 18 statistical software and Fisher's exact test which illustrates the association between 
two different categories of investigated parameters. 
 
RESULTS AND DISSCUSION 
 
The conducted study has investigated and allowed to diagnose the types of anemia 
developed by the Babesia spp. infected subjects. The main changes induced by babesiosis had 
repercussions on the red series regarding the number of erythrocytes, quantity of hemoglobin, 
hematocrit and derived erythrocyte constants. Because of Babesia spp. affinity for 
278 
 
erythrocytes, anemia is the most commonly diagnosed disorder in babesiosis. The direct 
action on erythrocytes by producing toxins or indirect action by stimulating an autoimmune 
response leads to mass destruction of the red blood cells depending on the parasitemia degree. 
Thus, the reduction of the red blood cell counts, hemoglobin and hematocrit are directly 
proportional to the expressed parasitemia by the studied subjects [2]. 
Tabel 1 
 
Hematological parameters variations and the presence of Babesia spp. in the smear 
 
















(Merck Veterinary Manual) 
5,5 - 8,5 12 – 18 37 – 55 60 - 77 19 - 25 32 - 36 - 
1. DOG 5,99 11,5 39 65,1 19,19 32,05 - 
2. DOG 6,94 12,8 43 60,51 18,44 29,76 - 
3. DOG 0,68 2 4,5 66,2 29,4 44,4 - 
4. DOG 2 5 11 55 25 45,5 + 
5. DOG 5,83 13 45 77,2 22,5 29,11 + 
6. DOG 6,48 15 43 66,3 23,1 34,8 + 
7. DOG 4,15 9,2 32 77,1 22,16 28,75 + 
8. DOG 5,2 12 37 71,2 23,1 32,4 + 
9. DOG 3,63 10,1 32 65,1 19,19 32,05 + 
10. DOG 5,61 7 25 44,56 12,47 28 + 
11. DOG 6,23 14,8 44 70,62 23,75 33,63 - 
12. DOG 4,25 11,4 32 75,3 26,8 35,6 + 
13. DOG 5,74 13 37 64,45 22,64 35,13 - 
14. DOG 6,05 14,5 40 66,1 24 36,2 - 
15. DOG 6,04 13,2 46 76,15 21,85 28,69 - 
 REFERENCE 
(Merck Veterinary Manual) 
6 – 12 10 – 18 32 – 48 34 - 58 13 - 19 31 - 37 - 
16. HORSE 5,49 9 23,5 42,8 16,6 38,7 + 
17. HORSE 3,26 8,6 18 55,2 26,4 47,8 + 
18. HORSE 4,38 11 30 68,5 25,1 36,7 + 
 
Analyzing table 1 and the obtained results for the studied subjects can be observed that 
the association between low blood cell counts and low hematocrit with the babesia presence in 
the smear is being statistically significant with p <0.01. Thus, out of the 18 individuals taken in 
the study, 15 subjects showed changes of these two parameters consistent with the detection or 
absence of the parasitic forms in the examined smear. The absence of Babesia spp. in the smear 
may reveal early-stages of the disease in the first 9-11 days when the lysis of erythrocytes 
appears with subsequent onset of anemia as a result of intra-and extravascular hemolysis.  
The type of anemia developed by the studied subjects has been established in response 
to the interpretation of the results of derived erythrocyte constants and after determining the 
number of reticulocytes. Thus in 3 out of 18 individuals taken in the study has been observed 
that reticulocytes exceeded the upper limit (0 to 2.5 %), showing the evolution of regenerative 
anemia, reticulocytes being the precursor of mature erythrocytes. The obtained results relating 
to the derived erythrocyte constants and presented in Table 1 have revealed the varied character 
under which anemia may develop in babesiosis. Thus, not only normochromic anemia, 
normocytic (9 cases) and microcytic anemia (2 cases), but also macrocytic (3 cases), 
hypochromic (2 subjects) or hyperchromic anemia (4 cases)could be detected among the 
infected subjects. It may be noted that 50 % of the subjects had normochromic, normocytic 
anemia, the erythrocytes size and their loadin hemoglobin not being affected, which shows a 
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low parasitemia degree, the parasitized erythrocyte lysis not being accompanied by changes in 
volume or load in hemoglobin for the remaining erythrocytes [2].Decrease in blood platelets or 
thrombocytopenia is another hematological change associated to babesiosis.  
Thrombocytopenia may reflect changes in the production of platelets or disturbances 
of their reactivity. Given the clinical expression of Babesia spp. infestation characterized by 
damage to the liver and spleen, with the occurrence of hepato- or splenomegaly, the low number 
of platelets may be explained by the existence of large platelet sequestration at splenic level [1, 
2]. Determination of leukocyte formula allowed to make observation of leukocyte profile of the 
Babesia spp.infested cases. Table 2 reveals the neutrophilic deviation to the left with an increase 

















































200 – 500 6 – 17 0 - 0,3 3 - 11,5 0,15 - 1,35 1 - 4,8 
1. DOG 245 40,8 1,02 30,02 7,12 2,28 
2. DOG 350 12,65 1,23 8,02 1,25 1,39 
3. DOG 180 16,7 3,4 10,05 1,13 0,18 
4. DOG 195 29,1 7,91 18,1 2,29 0,2 
5. DOG 295 26,45 6,82 13,91 2,99 1,11 
6. DOG 165 18,6 4,04 10,17 1,86 0,52 
7. DOG 200 19 1,67 12 3,2 2,1 
8. DOG 75 7,2 1,21 2,7 0,69 2,47 
9. DOG 455 44 1,19 35,86 5,1 1,5 
10
. 
DOG 182 22 5,56 9,86 1,4 3 
11
. 
DOG 285 13,1 1,24 8,3 0,85 2,25 
12
. 
DOG 65 5,8 0,56 3,85 0,6 0,79 
13
. 
DOG 270 4,3 0,06 1,68 0,32 1,79 
14
. 
DOG 295 10,05 0,11 6,17 0,73 1,68 
15
. 





100 – 600 6 – 12 0 -0,1 3 – 6 0 - 0,6 1,5 – 5 
16
. 
HORSE 100 6,55 0,65 2,18 0,2 0,03 
17
. 
HORSE 440 14,6 1,08 5,01 0,26 0 
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An analysis of the investigated parameters have revealed a very significant statistical 
association between low platelet counts and decreased number of lymphocytes, with p <0.01 
(Table 3). Thrombocytopenia can be explained by low production of thrombopoetinin the liver, 
babesiosis mainly affecting this organ. Lymphocytopenia associated to thrombocytopenia 
reveals the severe action of Babesia spp.on the body, the stress factors and the development of 




The association between thrombocytopenia and lymphocytopenia in the Babesia spp. infected subjects 
(identified cases) 
 
 Nomal lymphocyte 
counts 
Lymphocytopenia Total 
Normal platelet counts 11 0 11 
Thrombocytopenia 2 4 6 
Total 13 4 17 
 
Another highly statistical significant association is the one between increased number 
of leukocytes and the presence of monocytosis, with p <0.01. Thus, the increase in monocyte 
counts correlates to the leukocyte proliferation found in babesiosis (Table 4).  
Monocytosis certifies the chronic evolution of the disease and the autoimmune 
character induced by the development of the parasitic stages. In addition, leukocytosis 
associated to increased neutrophile counts is encountered in the acute stages of babesiosis, 




The association between leukocytosis and monocytosis in the Babesia spp.infected subjects  
(identified cases) 
 
 Normal monocyte 
counts 
Monocytosis Total 
Normal leukocyte counts 8 1 9 
Leukocytosis 0 8 8 
Total 8 9 17 
 
The degree of the parasitic infestation is directly proportional to the monocytosis 
value, severe infestation cases showing a marked increase in monocyte counts. Sometimes, in 
the case of heavy infestation, parasites can be observed in the peripheral blood in the first 11 




The undertaken study allowed to be drawn some relevant conclusions about the 
evolution of hematological parameters in Babesia spp. infested animals: 
1. the association between low blood cell counts and low hematocrit with the 
Babesia spp. presence in the smear is being statistically significant with p <0.01; 
2. not only normochromic, normocytic (9 cases) and microcytic anemia (2 cases), 
but also macrocytic (3 cases), hypochromic (2 subjects ) or hyperchromic anemia (4 
cases)could be detected among the infected subjects; 
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3. a very significant statistical association has been revealed between low platelet 
counts and decreased number of lymphocytes, with p <0.01; 
4. another highly statistical significant association is the one between increased 
number of leukocytes and the presence of monocytosis, with p <0.01; 
5. the neutrophilic deviation to the left with an increase in non-segmented 
neutrophils, the presence of monocytosis and lymphopenia is common in babesiosis; 
6. the degree of the parasitic infestation is directly proportional to the monocytosis 
value, severe infestation cases showing a marked increase in monocyte counts. Sometimes, in 
the case of heavy infestation, parasites can be observed in the peripheral blood in the first 11 
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